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A primer electrode is formed on a substrate. A thin film of a three 
component-based piezoelectric body is formed on the primer electrode. 
The thin film of the three component-based piezoelectric body uses 
PbZr03 and PbTi03 as its basic constituents. A piezoelectric body 
material of Pb(AxBy)03 is added to the basic constituents, x and y = 
molecular ratio; and x+y = 1 . At least one of A or B has different 
concentration in the depth direction from the outermost surface of the 
thin film to the surface of the primer substrate. At least one A or B 
exerts the maximum value in its concentration at the interface between 
the thin film and the primer substrate. 

Also claimed is the production of the piezoelectric body element 
thin film by: (a) forming a thin film layer consisting of A or B on the 
surface of the primer electrode; (b) forming a thin film of a composite 
compound consisting of PbZr03, PbTi03 and Pb(AxBy)03 on the surface of 
the primer electrode; and (c) sintering both thin films. Further 
claimed is an ink jet recording head using the thin film of the 
piezoelectric body element. 

ADVANTAGE - The thin film of the piezoelectric body exerts 
perovskite crystallinity with a ferroelectric substance phase. It has 
uniform orientation and sufficient reliability or durability. The 
primer electrode has good adhesion to the thin film of the 
piezoelectric body. The ink jet recording head enables high precision 
printing. 
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[men Tit^fc^fl^t^oflMffttA^^tw 

[88*#&J PbZrO, /PbTIO,/ 

Pb (AxBy) 0 3 . (x + y= 1 ) T&Z&SfcB 

*0DM*#&«±» THHTffifraffcA, B(Ort^<H 
1 ac7)7C^£7j^JlJli& s KJ15r5nm*>^3 0nmWiE 
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b. W. Te, Sb, Ta, N dCOftfiHxfrZtk-t . 
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tit^PbZrO, fc s PbTi0 3 t£g#fflji£fc 
Us JEfcHRSPb (AxBy) 0 3 , (x, y< (4^ 
/ktt*&U x + y=i ) T*S*i*BE*tttm* N gg 
3 Jfcfrfc LTfedP 3 j£#jftEttftS]RiWgj£3 

g^^iere, mrfEA, B6of^^-35t< i: t, lmcomi&wm 

& 0 . mriaEm#:fiJ« fc t&fBTrHWfii fc Olfffifc T, Kf 

fc t chm&irs?-. 

[|f*JS2] «ne-«5tPb (AxBy) O a tK 
©Pb (A 1/3 Nb 2/3 ) 0 3 , A(4Mg, Co, Z 
n , C d , Mn, N i Of5f^*^7c* 
C2)Pb (A 1/2 Nb 1/2 ) 0 3 , AliSb, YOMtVfr 

©Pb (A 1/2 W 1/2 ) 0 3 , AiiMs. Co, Cd 

©Pb (Ai /2 Te 1/2 ) 0 3 , Ai±Mn, Ni, Mg 

C5>Pb (A 1/3 Sb 2/3 ) 0 3 , AIJMn, N i <7)&Sti 

©Pb (Fe 1/2 B 1/2 ) 0 3s BJiNd, TacDHtl 

©Pb (Cr 1/2 B 1/2 ) 0 3 , B(4N d, TacOMfl 

iiCUPbZrOa fc, PbTi0 3 
U?C-«Pb(AxBy)03, <x, y, 
>Wfc£«U x + y = i ) T*3*i4flE*flefm£, as 
3 jfcfrfc LT?at!J0 3jfcfrmfftttt&M#flM£ 

a . b coft'j,-* <ti>i w<7>7mcr>mmm£Bi& t 

«s PbZrOj fc, PbTi0 3 t^««J:U 
ICHKPb (AxBy) 0 3 , T«S*liffi«f(!*f 

•3 s fEtUffll*?^ £ fc fc -f 4BW#W JS 

OA, B<7)|*liI»-^< fc iaC07C*<7)gHRfflv7)JLf^(i, 
5 nm#>& 3 0nra(0fflarttife5; Sr^fc-f-Sff 

[Bft£JS5] fffa— <WPb (AxBy ) O a *< s 
cDPb (A 1/3 Nb 2/3 ) 0 3 , AiiMg, Co, Z 
n , Cd, Mn, N i <73f5f;ft.A>c7)7C^ 
<2)Pb (A, /2 Nb 1/2 ) Q 3 , Ai±Sb, YOWlA* 



(3)Pb (A 1/2 W 1/2 ) 0 3 , AfiMg, Co, Cd 

©Pb (A 1/2 Tei/j ) 0 3 , AtiMn, Ni, Mg 

©Pb (A 1/3 Sb 2/3 ) 0 3 , A{4Mn, N i (Dffltl 

©Pb (Fe 1/2 B 1/2 ) 0 3 , B(4Nd, TatfOMn 

®Pb (Cr 1/2 B 1/2 ) O a , BfiNd, T aCOMtl 

<Z>ft0)tttLfr?t> h i fc £«p»fc ~M>lf 3 4 fcf±4 

[ft^JS6] PbZrO, fc, PbTi0 3 fc 
MtU Mt-«SPb (AxBy)0 3 , (x, 
y, {i^E/PitSr^tL, x + y= l ) -eSSftSffimflctf 

^^■fflJT', ftTfEA, B<Of«3^<fcfc iat7)^ftK*S^ 
Hlfffi£Ett^KfcB?IBTfl6®filfccoliiH(cT, bu 

EA, B<Ort^*< fc fc 1 «05iMaSftMt£'jH-; 

iB!K-y K. 
[ff#JS7] lute— JSiCPb (AxBy) 0 3 
©Pb (A 1/3 Nb 2/3 ) 0 3 , AJiMg, Co, Z 
n, Cd, Mn, N i cOfiitlfrcofcM 
©Pb (A 1/2 Nbi/, ) O s , A(iSb, Y&ftStlfr 

©Pb (A 1/2 W 1/2 ) 0 3 , AliMg, Co, Cd 

©Pb (A 1/2 Te 1/2 ) 0 3 , AliMn, Ni, Mg 

©Pb (A 1/3 Sb 2/3 ) O a , AteMn, N i <OMtl 

©Pb (Fe 1/2 B 1/2 ) 0 3 , BfiNd, Tac^Mil 

®Pb (Cr,/, B 1/2 ) 0 3 , BfiNd, Tac^Mil 
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C0003] zti^<r>Emmmm^±. ->yny#jg 

coTmwm±izEnftmm*Bf£Lxffimzi\z>. em 

gam. <£^mifomx$>z>zttfm£LK\ smtrn 
Wk<r)&&m±±t tx. mmm. mM.wmmm^m. 

>-S£^u &^m*tf%ii-x-h&ztx-hz>. 
ttc. E.m#mmm?com®. i \£<7>wL&frt>3.&b. m 

comm* . mm%mm k & & . 

[0004] luiefEmflMrt^v^-C . 5SSI«*ffiT' 
^SMifttL. Ti. Zr. Ta. Mo. RV 

Nbc^i*i^< b h-mi-tm^-t^zbxrmm-^ 

&tfmm2ixX^^h (^¥4-18 1 766^ 

mmmtMFFtfim* inx-tz^&btfM^ztix^ 

h (WWPP6-6 57 1 5-*&«) . 
[000 5] 

i k jW&sff »r^: t * & . »t=wwHfc i * , E 
Ls ztzsmmmm^mw^b Lxmmzmo 

W3^kTfHWfc<0«*tt*»Si:#fc» TJWffifc 

TflWffi-bicjBJS 2 ft 4 k 

SjUkSr-l.. tif»*>fle*Se«"C1i* ZcoTfflmbEM 



[0006] ff^*tt«if 2 frO^lc, Ttft«ffi±tc^ 

i/pt/sio, /s i«Be«as-jeji«-6*&wi 

SJ^T^S (H^Texas Instrument 
#ifr**>*fc:e£tt« k ffiHSflSf JBtk *«Wtt£ i»UbS 

[0007] mm** z<r>x a $rsu&5*»sfc*-s t 
&fcztL&g.mimmiz&^x . +za7x*4h<7yma 

»T S*K . TJ8S1M k ffm^HMk ^0®»^x&^f £ i 
k. iOJ:'5t«JSLfcflE*fl«JKIS ; F*fflV\ iSWiffl 
^QJ^^Trrigk-f *-f -v h$m^v 

■S Z. b * "C$>-5> • 
[0008] 

«, SflLk^T^m^^fi&^ti. TUflMLhlcliPb 
Zr0 3 k. PbTiOg k $-S*fflJi!ck U SfcHR 
SPb (AxBy)0 3 , (x. y. Ji^E^JtSr^t. 
x + y=l ) T-*S<l&ffi«*«S*. m3fi)c^-kLT 

MtcSSSBS^rWC. a. Bcoft>J?%<bh imcoim. 
jWfirO. ffiS«Q«KkTtlfe®ffikcO*ffi(c-C. A, B 
«rt*=fif < k t> 1 HO«BE*«afcfc«Sr3iVf i k 5r#Sk 
-fS. ^4>A^7Clg(i:. Sb, Y. Mg. C 

Cd s Mn s Ni. Fe s C r<D^Mtl*\ — ^ 
+ B<7)7t*(i. Nb s W. Te, Sb, Ta^MiX 

a, Bcoft'j?%<bi> mwTmnwmmz . mm* 5 

nraH30n m^JEHfi^teSl^fiSt L^flfc. PbZ 
r0 3 k, PbTi0 3 t^S*MtL, HtC-^i 

pb (AxBy) o 3 , xm^ti?>SMmtmeom^(t 
&fo*m8&jRL. mztffi&tzz.bizx'o. Emm 
mm^'fthz. b z^mb-tz . 

[0010] mz^ftWcOJ >9*Jx. y MS^-y K 
tt, PbZr0 3 k, PbTiOj t^S*MtL. 
StC-^Pb (AxBy) O g . (x s y. (4*:/kfcfc 
x + y = l) "C*«*l6flE«i«m*. m3fi)S 
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x. a, B*>i*Kj?sr< 1 t 1 m^m&timxmzm-fm 

[00 11] 

tfiiCKPbZrOj fc. PbTiOg i £g#jHj& 
iU SEt— RsSPb (AxBy) 0 3% (x. y,J4 

^ywktatu x+ y =i) ■cas*i*ffi«**m*, 

<7)7E*<7)flJlg£ , -?-COJi:^$:5nm*^3 0nTtiCOK 
mtKltl, PbZr0 3 /PbTi0 3 /Pb 

(AxBy) o 3 xmzixz, sm^mncom^t^* 
mm&$L t s mzmm-rh ztizx*) Kwtm mm?* 
m&nx. Twmm±izmmzixtzmmwffi&omwib 

&3J&H-C57C*A, B,^V^(±Ai:B<7)^-^^-H 
Hr-(Seed L a y e r ) k% *) . EW&com 

.1 totem, ff«*»«BiS§OT*fflT*«^n 

[ 0 0 1 2 ] *^cOE«*fiffi*^SBf)iic07C 

»A. B„ agV^(4AtB<7)1i-^i<7)^JK*^^-g»^-K 
*A. B. ^V^iAhBcO«-^c7)ffl:#:«Mt*IT'c73K; 

*I*1T\ milS A, B<5D(*]^< t i Soi!tg*^%— 
Ic5r4. fip-fes Titfl«fcfflKfls9«<3*#S«fc«v* 
T(i?c«A, B<OF*i^<i:fci«<oiMb5«B<. JES 

t & 1 8<0?&g<i&^WK< 44 . «SmT«l«StJEE« 

w-mmm^z^^xm^mm^m^mmt^ z t 
x\ TMw&kTmm.mn±izBi8.zti?>j±mimmt 

«0«»tt$:SI«a}3fE4 i><0 t #i hilt . 
[00 1 3] 

m±izi±&n&mmzmfcLfz]m#-mmm=Fcof%mM 

[ 0 0 1 4 ] mm 1 1 ttt S i *ISfi»RStRffl Lfe. 
S i Sfel 1 £i£f«Ffc:T 115 0°C<Wx >y ht&fcfc 
J:0, Silill^IlCJIMOOOnmOSi 
0 2 Tfe4ttfeKl 6tML«:, S i 0 2 IMJSl 6 
±J,z\$+?><rmm:*^y ?mz£ 9 , +?y<7)m*- 
#4 0 nmtc^4 i £ Of^L WtflRffiiWF 

^Tifrte^>1fJ8££|M:£-£Ti 0 2 <Offi*ftfc. T 



i0 2 ±fc<i, Ht<^y^CJ;f), SWlOn 
mOf-:?>-Jf s 1?^8 0 0 n m<7)S&/g<D3tfI£^j£ 
US. WfcBHURl 6Jb«>«Hf3ft# s Pt/Ti/T 
i 0 2 / ( S i 0 2 ) T*4TitMSl 2£#J&Ut. 
i CO J; 3 Lfcott , mR 1 1 i: TfiMffi 1 

2 fc OfttttSftfift- t ikTfo 4 . Hlc. Ttfimffil 2 
0±fcUi=*rt?DWK«r s H t J: 0, * 

[0015] T«E«ffi 1 2±trffM-T4ffm? T fJKl 5 
Officii, H^Wte*57c*Atcv^^ji l f , jm 

BiZlt-^y^mmi. PbZrO a /PbTiO, / 
Pb (Mg 1/3 Nb 2/3 ) 0 3 fcUfc. ^OEttftftfli 

[0016] 3t-^V^S-iaTWBfflfc-C#J«L3t. SHft 
ISO. 10 5t;K yyl/3Z->A7tf;l-7-l:ht-f 
0. 04 5^E/K Wm*?7*>'VJ*0. 00 5^2:3 
Om 1 cr>mWt'Pt l Z$5^X „ 1 0 0X:^J|gfttT^»§-^ 

^f^b'O. 0 4 O^E/K ^y^OChdr^-^-7'0. 0 1 
O^/lxS-x-^/HrDV^rS Om 1 iJ-Tafc&DL 

flitttcst 1 3 o «s%^ip u . j: < tm tx mt^/iu 

[0017] flrifcT), Ttffi«ffil 2±.i,zmtt:~*7cD 

wmm±tz^ miV)v*^y=t-hxm^L^ 400 

0 0 nm-C2f>4^ B B B *0^7L»^^Jl 1 3 

fc. feLt, . m,zV)v<7mmt , 4oot: 

^R^Sr2ffi»0jlL s W^*>*9 0 0 nmT$>4^7L 
»^;HtJKl 3S-jg«Lfc. J3Lh. Hi ( 2 ) . ifcfc: 
RTA (Rap i d Thermal Anneali 
ng) fcfflVvt, yUT—-/V&mi,tz. BP*>. K«# 

»tTs 5Mt6 5 0'C(;i)iiiL, i^p B 1>rc7)^ 

Z&X§>1L l Siy/mm l 3 JP»*»6 O O n m-CS>4 
^ B B a »^*4?flS 1 4 k Ltz. ajb, HlOO). 
[0018] SlXISV^2rXt^r7- hfifLT40 

±, 01(7) (4) . ^ICRTASrffl^-Cs 1^71/7 
t IHI— crtf-mzX T--)V Ltz. Z COXmZ 
Wz&HIHr/Vmm l 3{±. ARJ$»^1 200nm« 

(5) . 

[0 0 19]^. *SAW«0»»^nSl4*7*M^ 
MMLtzm. RTAZm\->XSmT--)l£foLt z , g 



(5) 



^¥9-9 28 9 7 



CtfMtyf-J^ *»T--yKOXS*liTs 12 0 0 
JJLh, 01 <z> ( 6 ) . 

[oo20]ii«(7) tc^-r i a t:. jE^ttsf jbii 
^ $J5£ Ltztzb. itmmmi 2000, jeks&ki* 

1 5 0pC/Ni:flfch.3tWttS:*L3t. Xy?* 
fcEIifr £T£E«tt»18^*&fltt*itt t fc k £ $ s SMU 

fftS3*u »ft<0Eifli £ k . 
[002 1]TlWil2H3«Lfc, v—FWT 
-k LX<7)-*7<W8.MZffi&f2>&fc. tfi&OSSIiil 
01O ( 1 > tcti(t4^?L*ty/lflKl 3 Sr. 5 0 
0^CfcT*MUt, -?-<7)BJrB£SEM (££WHMt 
St) fctttfcUfc. T*«flil 2S-««-fSe^i:MJj!4 
LfcWJR k <Di%&®<,z&^X . ffrratS JMbSttMBK 
Sftfc. — -JSilifettkLTti. «j£«*<Oi&K*HKV* 
aW=*MM043Wf L-CWSrv^. BP*. TiflMl 2±fc 

[ o o 2 2 ] at:. IBfinniiS. 0 1 <o ( 6 ) (=M 
v . Ettttif BR 15^31? ^*>^att«B!HUE4- 
xps (x v ^^»3C«^4»tft) fc*#*«M 

ti h 7c*Jt b2&>$>iz\ ^itmitim £ fufc . Wh. (P 
b:Zr:Ti:Mg:Nb) = (l. 00:0. 4 
5:0. 40:0. 05:0. 10) "Cf>&. EM#m 
mi 5«0*ffid»fcT«MMl 2KiH*»dt«W *<0x 
:t7'<^/UJtti:;%<: : 2:&. JEttttSHRl 50«H*»4>» 
$ 1 1 0 0 nmglii > TJifcoJt^ S?1100n 
m 0 ^^x^-r^^THftJKajlEJiSKcA^ 

±**-?fc. ZOZtli. m&tf. PbZr0 3 /PbT 
iO a /Pb (Mg, /3 Nb 2/3 ) 0 3 -C*4JBE«#fi 
Rl 5fcfeWt, JE*tt*rai 50*BW»fcTit*«l 

[ o o 2 3 ] 02 1±. zcommjrmx'tttfi.LtcE.mim 

K^*fflvvfc#«5fc0-f y^S/'x y bias's -y T«*, 
t^CWfcSrrBfffiHTfc* . H3 y<7X;v- 2 1 SIS 
S«rt£k&£. S i 0 2 coBHkK2 2*«afcfWP 

4k£«?j£Lfc. flEm*?f)SS:7*hx.y^y : rtc e t'3 
(gO. 2mm, I?4mmCA7->-y/L, y'J3 



y^x^s-icM^rttx y^-y^iOifao. 3mm«l 
SrJ&KUfc. a£<0-L«ffi2 5£»JfiUS«,. 

»2 7*»iSLfc. aHRrk-ronfUT-f^^xvMe 

[0 0 24] .TO-fy^xy b^<y W7?faX- 
9-b LT^ffi^iRfct-EESflsanBR^IifittSrlW 

«aftm»3& t 4o«iii&tti , c<» (T^nuwwfrs^tcffl 

[0025] Kfc, -f y?yx >y hie^^-y h'OT^-f 

tttitt^**, nai**<6ox; s 2 o*co 

tilt. 4V9*J*. -y ME^^*«iI^TT)SR-r^ 

tfDWtticseftii*<. *arc**i>i/3>"7x/N-fcT 
■am*, set, Ttfuaflg. e«*?sis#^c?)sip36^ 

[0 0 26] (H!fiCT2) ID56flJlC0fctt-5. TJftlSi 

Sr, lOnra, 15nm s 20nm, 25nm, 30n 
m, 3 5nm s 4 0 nmk&pgWfcTgfRU 

fwuaffwwtsittLfc. fflu *«i iotr«, 
1 5(7)i». mi 7coMi. jtvam^si^^o 

[0027] ffS#:«JK 1 5 Wjtl8*JfcRtf 

£ 6 1 s ft tefiTf 4 - k * r « B ^ Ufc . * s T«&«® 
1 2kJE^i*?flKl 5kco?&«tt{±, -jj-^tcJ:^^- 



&*ft*> o , mmm 1 izm^mft^wit^m&vm, 

[0028] rmmm 1 2 1 jE«#*m 1 5 to^Ht 
fe^^^-^-f \-cr>$&iz, mmi tm< 5 0 0 

comztemmmmi ^^mza^x^-^ms^Ltzm 

mztm&-yi-7<7>wkBtftmimmmi tmmmvh 
mmmt^mk^hm^in 1 oonmH9 

[0029] (mtw\3 ) j±mimm*Bfc?z>tt¥® 

fl£#\ PbZr0 3 /PbTiO s /Pb (Ni 1/3 N 

b 2/3 ) o 3 tzzmizmtKLt:. Yfi-fma. mm 
mi fc&»&m&~?7*i'*7Animii bx$m-»/ir 
frzumLfz. ^co^juRummmitmmo. 005 
*ivt u znfcnmtim/vmmt, mmmi tin 

— t L/L-. Ttfimiil 2±tc^-r-5,^— 
ii. -•yf/UZmmL. ^f*Bnm, lOnm, 
15nnu 20nra, 25nm, 30nm, 35nm, 
4 0nmJ;»«L. b'W T-fDJi: 

^^-t^jE**lil3!J^^#^SiitL.^„ fit, »K 
1 leotfM, Ttfimffil 2comS*j^, ffiffefli 5 

nm*. ±mmi ico^tn. mfEWi*mmm?e>mm 

umirnxmrn 1 1 m-t ut. 

[0030] zn&ftTTft&Lt:. jimimmmrc?) 

a 2 0 0 0 s Emmjmn 1 7 0 P c/n t £#3^ 

TtSmS 1 2 kJE«#?SJ3i 1 5 fc^tttfcUl 

[003 1] Tltfimffil 2tJE«#ffJ^l 5h^M^ 
fcW-£t&fa£-»M htf>&£{±. »60ijl t|3lt< 5 0 0 

°cTnmfmmsEMwmiz£r)mmzti. m$r-~ 
>i<cDmzimm#mm 1 s^mzm^xsLmL^m^t 
tfx.-vrxMmmzkKtmmzti, R^mmms^ 

t^nyx*^ hM» B B 8 -C^,o^„ fEm^Ml 5 friz 
0. 110 0 nm*>£> 9 0 

[0032] (^JfiW4) ^«tM3i:|5|t<, SM<m 

m^mm-h^^mtK p b z r o 3 /p b t i o 3 

/Pb (Ni 1/3 Nb 2/3 ) o 3 tz&tfmzmiRL 

tz. y>wmi. mmi3tm-bUz. twsmi 2 

m - 10nm, 15nm, 20nnu 25nm, 30n 
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rru 35nm, 4 0 nmi&pgftfJt^j&U &*CQ^- 

fc. fflU a«l 1<0««L TAMMl 2<D«86flfc^ 
Mttsfl^l 5 ^ ±18861 70fl«, atfJEItffc 

WR*Fo«atranittTsatwi % 2, 3tm-tL 

[0033] i<0*ft-FCfmLfc, EWtiNjBR?*) 

li 2 0 0 0 s jE*S£&ti 1 7 0 p C/N fc ftiKt^S 
TM9M 1 2 fcfEttftallBIl 5 tOffimizm 

[0034] TifiTO 1 2 tJE«ft^M 1 5 tcO#S(C 

h<o^i. wswi trat< 500 

fc(tS - -y ^f: -*y<0«S#^{4ia|W 2, 3 t {3 
iar|i|«T& . «ft43£#<:fett& HOOn 

[0 0 3 5] (»S^5)-«Pb (AxBy) 
0 3 s (x s y, (i^^itSr^t, x + y= 1 ) 

7CfR£8SJJ!U fraHifeCTl, 2. 3, 4, fcPNRafp 

[0036] Pb (Co w Nb 2/3 )0 3 , Pb (Z 
ni/3 Nb 2/3 ) 0 3 s Pb (Cdi/s Nb 2/3 ) O 
3 . Pb (Mn I/8 Nb 2/3 ) O a s Pb (Sbj/j N 
bi/i) o 3 , Pb (Y 1/2 Nbi„ ) o 3 „ Pb (M 
Sl/2 W 1/2 ) O a N Pb (Co,/, W, /2 ) O a s P 
b (Cd 1/2 W 1/2 )0 3 , Pb (Mn 1/2 Te 1/2 ) 
0 3 s Pb (Ni I/2 Te 1/2 ) 0 3 . Pb (Mg 1/2 
Te 1/2 ) 0 3 . Pb (Mni/a Sb 2/3 ) 0 3 , Pb 
( Ni i/3 Sb 2/3 )O a , Pb (Fe,/, Nd 1/2 ) 
0 3 . Pb (Fe 1/2 Ta 1/2 ) 0 3 , Pb (Cr 1/2 
Nd 1/2 ) O a , Pb (Cr 1/2 Ta 1/2 ) 0 3 . 
[0037] 
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